Objectives: To measure microleakage around zirconia crown margins cemented with self-adhesive resin or resin modified glass ionomer (RMGI) cement after ultrasonic scaling.
| I NTR OD U CTI ON
Introduction of computer-aided design and computer-assisted manufacturing (CAD/CAM) as a method of fabrication of ceramic fixed restorations has increased their use to surpass that of metal-ceramic crowns.
1,2 A recent survey from the National Practice-Based
Research Network reported that monolithic zirconia is the most prescribed material for posterior single unit crowns. 3 An important criteria for the long term success of a zirconia crown is the maintenance of a marginal seal. Microleakage at marginal interfaces may cause restoration failure due to the dynamic passage of bacteria, oral fluids, molecules, and ions between the interface of the restoration and tooth, causing secondary caries and discoloration of margins as well as tooth hypersensitivity. [4] [5] [6] [7] [8] [9] [10] [11] [12] A recent systemic review reported that the estimated annual complication rate for single unit zirconia crowns was 0.09% for secondary caries and 0% for marginal staining. 13 No information was provided regarding the incidence of hypersensitivity.
The selection of dental cement is one factor that may affect marginal seal. Different types of cement may affect the marginal seal as they differ based on their polymerization shrinkage, 14 hygroscopic expansion, 14 coefficient of thermal expansion, 15 bond with tooth structure, 16 and bond with zirconia. 17 One of the clinical advantages of zirconia crowns is that they may be conventionally cemented with resin-modified glass ionomer (RMGI) cement or adhesively bonded with resin cement without affecting the strength of the restoration. 18 A 2013 survey by Clinician's Report found that 55% of dentists use RMGI cement and 39% of dentists use a resin cement for zirconia crowns. 1 Several in vitro studies have shown increased microleakage, as measured by dye penetration, around margins of crowns cemented with RMGI cements than resin cements. 7, 19 In contrast, an in vitro study reported less bacterial microleakage in crowns cemented with RMGI cement than resin cement. 20 The marginal fit of the crown may also affect its marginal seal, as this fit will influence the amount of cement exposed to the oral environment. 21 Previous studies indicate cement gaps of 1-161 mm in conventionally fabricated all-ceramic crowns and 17-118 mm in CAD/ CAM fabricated all-ceramic crowns. 21 The exposed cement may undergo dissolution caused by oral fluids which may lead to microleakage. 12, 21 Additionally, some cement may be susceptible to mechanical removal or roughening when cleaned using manual or ultrasonic scalers. Hygiene instrumentation may cause roughening of the marginal interface or increase in marginal gaps which may lead to plaque accumulation, microleakage and secondary decay. 4, 22, 23 Sonic and ultrasonic scalers are common tools used for removing plaque and calculus from tooth and root surface. Ultrasonic scalers are divided into two common units: magnetostrictive (elliptical vibration pattern active on all sides of the tip) and piezoelectric (linear vibration pattern with only two active sides of the tip). Sonic scalers vibrate between 3,000 and 8,000 cycles per second (Cps) whereas magnetostrictive and piezoelectric units vibrate between 18,000 and 45,000 Cps and 25,000 to 50,000 Cps, respectively. 22 An in vitro study found more adverse effects on surface roughness of resin-based restorative materials using magnetostrictive ultrasonic scalers than sonic scalers. 24 Piezoelectric ultrasonic scalers are clinically favorable due to their quieter operation, smaller tips and handpieces, and ease of use. 4, 19 It is possible that the vibrational forces produced by piezoelectric ultrasonic scalers may disrupt the bond formed at the crown margin.
A previous study demonstrated that ultrasonic scaling with a piezoelectric unit caused microleakage at the cementum margin of Class V restorations. 4 It follows that ultrasonic scaling margins of a crown may cause disruption of the cement bond leading to microleakage. The null hypothesis for this study is that there is no difference between microleakage observed in zirconia crowns with and without ultrasonic scaling. The second null hypothesis is that there is no difference between the microleakage caused by ultrasonic scaling zirconia crowns cemented with self-adhesive resin and RMGI cements. Table 2 ).
Ultrasonic scaling did not alter microleakage at the margins of dental crowns (P 5 .31). There was no significant difference in microleakage of scaled and untreated margins with the use of RelyX Unicem 2
and RelyX Luting Plus (P 5 .21, Figure 4a ). The amount of microleakage around margins that were scaled was not significantly different between cements (P 5 .14, Figure 4b ). Untreated margins of crowns cemented with RelyX Luting Plus showed a significantly higher microleakage than those cemented with RelyX Unicem 2 (P 5 .005, Figure   4c ). Even with this small sample of 8 per group, the two-sample t test had 87% power to detect the 25 6 15% microleakage difference of the untreated surface between the two types of cement at a type I error rate of 0.05.
The cement gaps were measured as 153. 
| D I SCUSSION
Based on the results of this study, there is no difference between microleakage of zirconia crowns with and without piezoelectric ultrasonic scaling of the crown margins; and therefore, the first null hypothesis is accepted. Additionally, there was no difference in microleakage of scaled and untreated margins with the use of RelyX Unicem 2 and
RelyX Luting Plus; and therefore, the second null hypothesis is accepted. However, higher microleakage was found using an RMGI cement (RelyX Luting Plus) than using a self-adhesive resin cement (RelyX Unicem 2) when no ultrasonic scaling was performed. The clinical implication of this study is that piezoelectric ultrasonic scaling may be used around the margins of zirconia crowns cemented with RMGI or self-adhesive resin cements.
Ultrasonic scaling was predicted to create marginal microleakage due to increased mechanical stimulation of the cement margin. In a previous study from Goldstein et al. 4 increased microleakage was observed at composite-cementum interfaces that were subjected to ultrasonic scaling; however, composite-enamel margins were unaffected by ultrasonic scaling. All margins in the current study were located on enamel.
Perhaps if the margins would have been located apical to the cementum-enamel junction, increase microleakage may have occurred.
A study by Angerame et al. 23 examined composite crowns placed on enamel margins that were subjected to mechanical instrumentation with hand instruments. The crowns subjected to manual instrumentation showed an increased marginal gap but a decrease in marginal microleakage. The authors explained this observation by suggesting debris from instrumentation filled the marginal gaps which protected In this study, there was more microleakage observed in the untreated teeth cemented with RMGI than self-adhesive resin cement.
Previous studies have also reported that RMGI cements show more microleakage than resin cements. 7, 19, 26 A study by Albert and ElMowafy reported that both ceramic and metal ceramic crowns demonstrated less microleakage when cemented with resin cement than RMGI cement. 7 In their study, the superior performance of the resin cement was credited to the higher bond between dentin and the resin cement. A study by Rossetti et al. 19 compared microleakage of metal cast crowns with resin and RMGI cement. Slightly more microleakage was reported with the RMGI cement; however, there was no statistical difference. Lyons et al. 26 detected microleakage around metal crowns cemented with glass-ionomer cement but not resin-cemented crowns.
Several factors may differentiate resin cements and RMGI regarding their ability to seal a crown margin, including their shrinkage/expansion, 14 thermal coefficient, 15 bond to tooth structure, 16 and bond to zirconia. 17 The stresses applied to the RMGI cement bond during water storage and thermocycling may have been greater than those applied to the resin cement bond. A recent study determined that a glass ionomer material demonstrated significantly less postgel shrinkage than a resin-based material. 14 Following storage in water, however, the glass ionomer material underwent significantly more hygroscopic expansion that more than compensated for post-gel shrinkage. The coefficient of dimensional change of both RMGI materials (285 3 10 26 C
21
) and resin materials (64.5 3 10 26 C
) are both greater than that of tooth structure (11 3 10 26 C
). 24 However, RMGI materials contract at elevated temperatures unlike resin materials and tooth structure which expand. 15 If the RMGI cement was contracting while tooth structure was expanding, increased stress would be experience at the cementtooth interface of the crown margin.
Additionally, the resin cement may have experienced less microleakage due to its superior bond. A study evaluating the bond between bovine tooth and zirconia showed a greater bond using two selfadhesive resin cements than the reference RMGI cement. 16 A study by
Turker et al. 17 demonstrated that a resin cement containing 10-methacryloyloxydecyl dihydrogen phosphate (MDP) produced a significantly greater bond to zirconia than an RMGI cement. The selfadhesive resin cement used in this study (RelyX Unicem 2) also contains MDP unlike the RMGI cement (RelyX Luting Plus). Examination of the sectioned crowns reveals that the dye stain is more intense at the interface between the cement and the tooth than the cement and the crown. This observation suggests that the bond between the cement and the tooth is most susceptible to microleakage. A similar observation was reported in a previous study. 7 Thermocycling was performed following ultrasonic scaling as it has been shown to reproduce the effects of temperature changes that occur intraorally. 27 Extreme temperature changes cause mechanical thermal stresses on the restoration margins due to the differences in coefficient of thermal expansion between restorative materials, cements, and natural tooth structure. Furthermore, constant gap dimensional changes allow oral fluids including pathogenic bacteria to flow in and out of microscopic gaps found in the restorative margins. 6 Based on an average of 20-50 thermocycles in the oral cavity per day, several 10,000 thermocycles in vitro may represent a year of in vivo function. 6, 28 This current study attempted to mimic short-term clinical outcomes by thermocycling specimens for 20,000 cycles at 15 s dwell time, equivalent to about 1-2 years of in vivo function.
The use of a microleakage test based on dye penetration should not be viewed as the definitive measure of the clinical performance of a dental cement. Several reviews have reported that dye penetration does not correlate directly to the incidence of clinical outcomes, such as hypersensitivity, marginal discoloration, and secondary caries. 5, 6 Additionally, the test methodology used in this study did not accurately reproduce all the variables found in the oral cavity such as occlusal forces, presence of varying amounts of saliva with varying pH, and
Streptococcus mutans and lactobacillus. 6 There is no single laboratory test that can predict the clinical outcome of a restoration but 
| CON CLU S I ON
Within the limitations of this study, piezoelectric ultrasonic scaling could be performed around zirconia crown margins cemented with self-adhesive resin or RMGI cements without increasing microleakage at the margin of the restoration.
